New clerodane-type diterpenes, designated as parvitexins A (1)-E (5), were isolated from the in vitro-cultured liverwort, Scapania parvitexta. These compounds were determined to be monoacetylated clerodane-type diterpenes based on spectroscopic evidence.
Clerodane-type diterpenes are widely distributed in liverworts. [1] [2] [3] We have reported in a previous paper, the structures of clerodane-and seco-clerodane-type diterpenes produced by axenic cultures of Jamesoniella autumnalis. [4] [5] [6] [7] As part of our continuing study of clerodane-type diterpenes, we examined in vitro cultured cells of Scapania parvitexta. S. parvitexta belongs to the order Jungermanniales and is widely distributed in Far Eastern Asia, including the deciduous broad-leaved forests of Japan. 8) In an earlier work, S. parvitexta was analyzed for its lipophilic constituents by gas chromatography-mass spectroscopy (GC-MS). 9, 10) Subulatin, an antioxidative caffeic acid derivative, has also been isolated from this species. 11) We describe here the isolation and structural elucidation of five new diterpenes, designated parvitexins A-E, from S. parvitexta.
Experimental
General. NMR spectra were recorded for a CDCl 3 solution, using Jeol EX-270 ( 1 H, 270 MHz; 13 C, 68.5 MHz) and Jeol Alpha 600 ( 1 H, 600 MHz; 13 C, 150 MHz) spectrometers, relative to CHCl 3 at H 7.26, and to CDCl 3 at C 77.0, respectively.
13 C multiplicity was determined by using the DEPT pulse sequence. Electron ionization mass spectrometry (EI-MS) was carried out with a Jeol JMS-AX500 spectrometer, and fast atom bombardment mass spectrometry (FAB-MS) was carried out with a Jeol JMS-SX102A spectrometer. Infrared (IR) spectra were obtained with a Jasco FT/IR-420 spectrometer, using the KBr disk method. Optical rotation values were recorded with a Jasco DIP-370 polarimeter, using MeOH, and UV spectra were measured with a Shimadzu UV-1600 spectrometer, again using MeOH.
Collection and in vitro culture of the liverwort samples. S. parvitexta was collected from the bank of Satsunai River in Hokkaido, Japan, in 1997. S. parvitexta was identified by T. Furuki, and a voucher specimen has been deposited at the Department of Bioresource Science in Obihiro University of Agriculture and Veterinary Medicine. In vitro cultures of S. parvitexta were initiated from spores, and callus induction was achieved on an MSK-4 medium 12) with 4% glucose.
Extraction and isolation. Dried plant material of S. parvitexta (34.6 g) was milled and extracted with Et 2 O (200 ml Â 3). The Et 2 O extract was evaporated to dryness (2.85 g) under a vacuum, and chromatographically separated into five fractions, using a Sephadex LH-20 column (10 mm i.d. Â 50 cm) with CH 2 Cl 2 -MeOH (1:1) as the eluent. Fraction 3 (1.13 g) was subjected to vacuum liquid chromatography (VLC) on silica gel, eluting with CHCl 3 containing various concentrations of y To whom correspondence should be addressed. Fax: +81-422-31-4252; E-mail: kkatayam@nvlu.ac.jp acetone, to give six fractions (fractions A-F). Separation of fraction A (997.3 mg, CHCl 3 ) via a combination of VLC on silica gel (n-hexane-EtOAc) and high-performance liquid chromatography (HPLC; silica gel, n-hexane-EtOAc, 7:3) yielded 1 (94.6 mg), 2 (80.4 mg), 4 (52.9 mg), and 5 (1.7 mg). Fraction 4 (0.54 g) was subjected to VLC on silica gel, eluting with n-hexane containing various concentrations of EtOAc, to give seven fractions (fractions G-M). A combination of VLC on silica gel (n-hexane-EtOAc) and HPLC (silica gel, nhexane-EtOAc, 8:2) of fraction H (126.6 mg, n-hexaneEtOAc, 9:1) yielded 2 (6.8 mg). A combination of VLC on silica gel (n-hexane-EtOAc) and HPLC (silica gel, nhexane-EtOAc, 8:2) of fraction I (72.7 mg, n-hexaneEtOAc, 4:1) yielded 3 (5.5 mg). Tables 1 and  2, respectively. 3-Chloro-4-hydroxy-parvitexin A (6). Five milligrams of 1 was dissolved in 2.5% methanolic hydrogen chloride (1 ml) and left to stand overnight at room temperature. The solvent was removed under reduced pressure to afford a colorless oil (6, 7.5 mg). 1 H-NMR and 13 C-NMR: see Tables 1 and 2 , respectively.
Hydrolysis of 2.
Compound 2 (4.6 mg) was hydrolyzed with 5 ml of 5% KOH/80% MeOH at room temperature. After 2 h, the reaction mixture was diluted with 20 ml of water, and then extracted with EtOAc. The solvent was removed under reduced pressure, and a colorless oil (3.5 mg) was obtained.
Acetylation of 3. Compound 3 (2.2 mg) was stirred in 0.3 ml of pyridine/Ac 2 O (2:1) for 2 h, before the mixture was poured into cold water and extracted with EtOAc. The solvent was removed under reduced pressure, and a colorless oil (2.3 mg) was obtained.
(+)-R-MTPA ester of 3 (3a). To a stirred solution of compound 3 (5.0 mg) in CH 2 Cl 2 (0.5 ml) were added (+)-MTPA, DCC (3.0 mg) and DMAP (1.5 mg). After 2 h, the reaction mixture was filtered. The filtrate was separated in a silica gel chromatographic column (3 mm Â 3 cm) using n-hexane-EtOAc (3:2) to yield purified compound 3a (3.5 mg).
1 H-NMR: see Table 1 .
(À)-S-MTPA ester of 3(3b). Compound 3b (2.7 mg) was obtained from compound 3 (5.0 mg) with (À)-MTPA by essentially the same procedure as that used for the preparation of diastereomer 3a.
1 H-NMR data: see Table 1 .
Conformation search for 3a and 3b. Systematic conformational analyses of 3a and 3b were performed by using CONFLEX 13) /MM3 [14] [15] [16] in the commercial modeling software ''CAChe'' (Fujitsu Ltd.) with the Windows XP operating system. On the basis of the energy of the obtained stable conformers, the Boltzmann population at 25 C was calculated. Visualization and superimposition of the major conformers of 3a and 3b was also performed by using ''Cache'' with the Windows XP operating system. Table 1 ). The combination of these sequences and the remaining quaternary carbons was achieved by HMQC and HMBC experiments, as illustrated in Fig. 2 . A set of signals at C 56.7 and 62.2 for six oxygen-bearing carbons was assigned to a 3,4-epoxide. In order to form the four-ring system suggested by the 2D-NMR data, the C-11, C-19, and O-C(10) atoms needed to be on the same side of the plane formed by the decaline ring. That is, the cisclerodane ring system and the C-20 methyl group had to occupy the -position. Thus, the stereochemistry at the C-5, 9, and 10 positions was determined to be as shown in Fig. 1 . Furthermore, the stereochemistry of 1 was determined by using NOE difference spectra, as illustrated in Fig. 3 . NOEs between H-8 and H-11 and Cl. Those signals were correlated with the signal at H 4.06, indicating that C-3 was chlorinated. NOEs between 4-OH and H-2 and between 4-OH and H-3 were in agreement with H-3 and 4-OH occupying the -position. Thus, the chloride ion attacked C-3 antiperiplanar to the epoxide. Under acidic conditions, a nucleophilic attack of the C-4 position by chloride ions would be more likely, and the cation at C-4 would be stabilized by hyperconjugation. However, the C-4 position of 1 was covered by H-6, and chloride ions could attack only the C-3 position.
Results and Discussion
The molecular formula of parvitexin B (2), C 22 H 28 O 5 , (Tables 1 and 2 ). The stereochemistry of 2 was revealed by NOESY as shown in Fig. 4 . Thus, parvitexin B (2) was determined to be 6-acetoxy-15,16-epoxy-cleroda-3,4,13(16),14-trien-12,10,19-acetal.
The molecular formula of parvitexin C (3), C 20 H 26 O 4 , was determined from the EI-HR mass spectrum. The 1 H-NMR spectrum for 3 shows that this compound differed from 2 by the absence of a signal for the acetyl group ( H 2.06, C 21.0 and 170.2) present in 2. The IR spectrum showed significant absorption at 3464 cm À1 due to a hydroxyl group. In addition, in the 1 H-NMR spectrum, the signal for H-6 ( H 5.03) in 2 was placed in a higher field than that ( H 3.97) in 3, whereas the other signals were almost the same. The chemical correlation of these compounds was confirmed by hydrolysis of 2 and acetylation of 3. These observations enabled parvitexin C (3) to be determined as 15,16-epoxy-6-hydroxy-cleroda-3,4,13(16),14-trien-12,10,19-acetal.
A determination of the absolute configuration of parvitexin C (3) was attempted by the modified Mosher method, using -methoxy--trifluoromethylphenylacetic acid (MTPA) esters.
17) The differences in chemical shifts of the proton signals between 3a and 3b (Á ¼ S À R ) were calculated as shown in Fig. 5 . A systematic arrangement of Á values with respect to the MTPA residue was observed, but the boundary between þÁ and ÀÁ did not appear near the line on C-6 and C-9. We suspect that the actual MTPA plane of 3 was kinked because of its rigid ring system. To confirm the observed data, conformational analyses were performed on 3a (R-MTPA) and 3b (S-MTPA). The chirality of C-6 was fixed as S. The initial geometry of the dihedral angles around the C(12)-C(13) bond, the C(6)-oxygen atom bond, and the chiral carbon atom-carbonyl carbon atom in MTPA, and the initial ring conformation of parvitexin were generated by CONFLEX, and optimized conformations were obtained by using MM3.
The global minima for 3a and 3b are shown in Fig. 6 . The major ring conformation of the parvitexin C moiety of 3a, representing over 95% of the population at 25 C, was identical to that of 3b, representing over 98% of the population. In contrast, the major conformation around the ester bond moiety of 3a was different from that of 3b. In any stable conformer of either 3a or 3b, the hydrogen atom at C-6 would be in the eclipsed conformation relative to the carbonyl oxygen atom of MTPA. At the same time, the CF 3 functional group of 3a would be in the eclipsed conformation relative to the carbonyl oxygen of MTPA in over 82.2% of the population. However, the CF 3 functional group of 3b was in the anti-conformation relative to the carbonyl oxygen of MTPA in over 88.9% of the population. The 1 H-NMR spectra for both 3a and 3b indicated that the 18-Me signals were shifted to a lower field. This observation is in agreement with the finding that 18-Me was shielded by the phenyl group of the MTPA ester in the major conformers of 3a and 3b.
In the major conformers of 3a, the proposed MTPA plane, which consists of the carbonyl carbon atom and the CF 3 functional group, crosses the C(1)-C(10) bond and the C(4)-C(5) bond. In the case of the eclipsed conformers at the carbonyl carbon and the CF 3 functional group of 3b, the MTPA plane crosses the C(5)-C(6) bond atom and the C(9)-C(10) bond. These results support the observed difference in the chemical shifts between 3a and 3b (Á ¼ S À R ), in which the boundary plane would cross the C(1)-C(2) bond and the C(4)-C(5) bond. These observations suggest that the absolute configuration of parvitexin C (3) might be S. However, conclusive evidence could not be presented because the modified Mosher method is based on an empirical rule, and a conformation search of 3a and 3b suggested that they did not have a suitable conformation for the modified Mosher method to be applied.
The molecular formula of parvitexin D (4), C 24 H 32 O 7 , was determined from the EI-HR mass spectrum. The 1 H-NMR spectrum of 4 shows that this compound differed from 1 by the presence of an additional acetyl group ( H 2.06) and a methine signal for H-10 ( H 2.25). Furthermore, a comparison of the 13 C-NMR spectra for 1 and 4 shows that the ketal carbonyl carbon ( C 101.0) in 1 was replaced by a ketone ( C 193.5) in 4. Together with the characteristic IR and UV absorption spectra for ,-unsaturated ketone (1673 cm À1 , 253 nm), these observations suggest that the structure of compound 4 was as shown in Fig. 1 . The complete structure of 4 was determined by a consideration of the 1 H-and 13 C-NMR assignments (Tables 1 and 2) , using 1 H-1 H COSY, 1 H-13 C COSY and COLOC experiments.
The molecular formula of parvitexin E (5), C 22 H 30 O 6 , was determined from the EI-HR mass spectrum. The 1 H-NMR spectrum of 5 shows that this compound differed from 4 by the absence of a signal for an acetyl group in 4. The IR spectrum showed significant absorption at 3470 cm À1 due to the presence of a hydroxyl group. In addition, in the 1 H-NMR spectrum, the signal of H-6 ( H 5.13) in 4 was placed in a higher field than that ( H 3.76) in 5, whereas the other signals were almost the same. Thus, the structure of parvitexin E (5) was determined to be as shown in Fig. 1 . The complete structure of 5 was determined by a consideration of the 1 H-and 13 C-NMR assignments (Tables 1 and 2 ) using 1 H-1 H COSY, 1 H-13 C COSY and COLOC experiments. A few clerodane-type diterpenoids that are oxygenated at C-12 have been isolated from liverworts. Anastreptin and orcadensin have also been isolated from the liverwort, Anastrepta orcadiensis, 18) and teucrolivin G, 6,19-diacetoxy-4,18;15,16-diepoxy-3-oxo-neo-cleroda-13(16),14-dien-12,8,10-ketal, has been isolated from the aerial parts of Teucrium oliverianum (Labiatae). 19) 
